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FIG.5
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FIG.6
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FIG.10
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FIG.11
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CDMA RECEIVING APPARATUS AND
METHOD

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to a code division multiple
access (CDMA) receiving apparatus and method.

2. Description of the Prior Art

Recently, spread spectrum communication system highly
insensitive to interference and disturbance has attracted
public attention as one of communication methods appli-
cable to mobile communication system. In radio communi-
cation systems using the spread spectrum signals, voice data
or video data 1s modulated by PSK (Phase Shiit Keying) or
FSK (Frequency Shift Keying) or the like, and the modu-
lated data 1s converted to wide-band base band signal using
pseudo noise code (PN code: pseudo random noise code).

On the other hand, a recerving unit carries out despreading,
the received radio frequency signal using the same code as
the PN code used in the transmission unit and reproduces
receiving data by carrying out digital demodulation accord-
ing to PSK or FSK demodulation method.

This kind of system employs RAKE receiving system as
one ol countermeasures against multi-path interference.
That 1s, 1n radio communication system, radio wave trans-
mitted from the transmission unit may reach the receiving
unit directly or after retlected by a building or mountain.

If a radio wave reaches the receiving unit through a
plurality of paths, the radio waves passing through the
alforementioned a plurality of paths are synthesized 1n terms
of vector at an antenna end of the recerving unit so as to
reduce reception level. This phenomenon 1s called multi-
path. If the multi-path interference occurs, 1n a system
whose radio channel bandwidth 1s as small as 30 kHz, for
example, its receiving unit 1s not capable of receiving radio
signal. However, because in the spread spectrum commu-
nication system, 1ts radio channel bandwidth 1s wide, the
radio signal 1s always received although part of them 1s lost.

Thus, 1n the spread spectrum communication system, the
multi-path recerving signal received through a single
antenna 1s separated by the unit of each PN code length (1
chip) and mputted to a plurality of dependent demodulators.
These demodulators carry out despreading with the PN code
corresponding to each path so as to demodulate the receiving
signals and the demodulated receiving signals through a
plurality of paths are synthesized 1n terms of symbol so as
to reproduce receiving data.

This 1s called RAKE recerving method because the recep-
tion signals are collected and synthesized as 11 the rake 1s
employed. If the RAKE recerving method 1s used, time
diversity 1s carried out, so that the reception quality 1n case
ol generating the multi-path can be increased greatly.

FIG. 12 shows a conventional CDMA receiving appara-
tus. Referring to FIG. 12, the CDMA receiving apparatus
comprises a receiving processing control unit 83, a searcher
unit 81, a finger unit 82, a RAKE combining unit 83 and a
decoding unit 84. The receiving processing control unit 83
1s connected to a call processing control unit 86 so that a

transmission control signal from the RAKE combining unit
83 1s outputted to a CDMA transmission unit 87.

A CDMA signal 1s inputted to the searcher unit 81 and the
finger unit 82. The searcher umit 81 detects a reception
timing of the CDMA signal having a high correlation value
with respect to the PN code instructed by the receiving
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2

processing control unit 85 and outputs reception delay
amount information of the CDMA signal to the finger unit
82.

The finger unit 82 carries out despreading, fading vector
generation, detection and the like for the CDMA signal. The
RAKE combining unit 83 outputs a signal obtained by
combining detection signals of respective paths, nputted
from the finger unit 82 to the decoding umit 84. The RAKE
combining umt 83 outputs transmission control signal for
power control, diversity control and the like to the CDMA
transmission unit 87. The decoding unit 84 decodes a signal
obtained by RAKE combining inputted from the RAKE
combining unit 83 so as to obtain a desired signal.

However, because the conventional CDMA receiving
apparatus has such a structure which satisfies a maximum
rate of high-speed data determined depending on system
condition and a maximum number of simultaneous voice
data processing users (the maximum number of simulta-
neous processing users generally requested in the form of
high-speed data 1s smaller than the case of voice data) with
a single reception processing block, there i1s such a problem
that the availability of the resource of the CDMA receiving,
apparatus drops.

For example, 1n case where reception processing for
high-speed data 1s carried out, a load on the finger unit and
the RAKE combining unit 1s increased. This means that it
the operation speed of each umt 1s not high enough, more
finger blocks and RAKE combining units are required.
Conversely, because the searcher umit processes a pilot
signal having the same rate 1n each service, 1t has no
dependency on the rate and at the same time, depends on the
number of users, which are treated simultancously. There-
fore, the resources of the finger unit and RAKE combining
unmit become short, so that relatively, the resource of the
searcher unit becomes excessive.

In case where reception processing of voice data 1s carried
out, a load on the searcher unit 1s increased. This 1s because
a number of users 1s larger than that in the high-speed data.
Thus, the resource of the searcher unit becomes short, so that
relatively, the resources of the finger unit and the RAKE
combining unit become excessive.

Further, The CDMA receiving apparatus executes
demodulation processing immediately aiter any CDMA sig-
nal 1s received, 1rrespective of the service types. Therefore,
volice reception processing in which real time processing 1s
required cannot be carried out or may be delayed, when the
number of users ol high-speed data 1s increased and the
resources 1n the finger unit and RAKE combining unit are
consumed by the demodulation of the high speed data.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to
provide a CDMA recerving apparatus and method capable of
flexibly and efliciently coping with service types of data and
system conditions such as power control and diversity
control which are processed on the real time basis.

According to the present invention, there 1s provided a
CDMA receiving apparatus for receiving data of various
service types using CDMA, having a plurality of reception
processing blocks for carrying out reception processing
suitable for service type of the data, wherein the data 1s
allocated to the plurality of the reception processing blocks
depending on the service type of the data so as to carry out
reception processing.

According to the present invention, there 1s provided A
CDMA receiving method for receiving data of various
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service types using CDMA (Code Division Multiple Access)
method, wherein the data 1s allocated to a plurality of
reception processing suitable for each of various service
types of the data depending on the service type of the data
SO as to carry out reception processing.

That 15, the CDMA receiving apparatus of the present
invention carries out allocation to a reception processing
block and reception processing, suitable for each of the
service types of data and employs the resource of the CDMA
receiving apparatus, thereby establishing a stable system
capable of coping with various services.

More specifically, in the CDMA receiving apparatus of
the present invention, the searcher umt of each reception
processing block (packet reception processing block, high-
speed data reception processing block, voice data/low-speed
data reception processing block) searches the CDMA signal
stored 1n a memory for reception signal and allocates to each
reception processing block for each service.

The voice data and low-speed data are demodulated
immediately by the finger units for data field and the finger
units for control field, and combined by the RAKE combin-
ing unit. On the other hand, data field of the packet is
accumulated 1n a memory for data field and subjected to
demodulation processing by the finger unit for data field
successively according to path information stored i1n a
memory for path information. Reception processing opera-
tion of high-speed data 1s the same as for the packet.

These operations enable allocation of roles of respective
reception processing blocks depending on the service type of
data, so that voice data required to have real time property
1s subjected to reception processing immediately. As a result,
the high-speed data, which consumes a large amount of
resources 1n the packet and reception processing block, not
required to have real time property, can be received and
processed efliciently.

According to the present invention, 1n the CDMA receiv-
ing apparatus for receiving data of various service types
using the CDMA method, the reception processing 1s carried
out by allocating data to a plurality of the reception pro-
cessing blocks, which carry out reception processing suit-
able for each of service types of data, depending on the
service type of data. Consequently, 1t 1s possible to corre-
spond to the service type of data and system condition
flexibly and efliciently, so as to achieve such processing for
clectric power control, diversity control and the like,
requested to ensure real-time property, without any problem.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the structure of the
CDMA receiving apparatus according to an embodiment of
the present ivention.

FIG. 2 1s a block diagram showing an example of the
structure of a searcher unit of FIG. 1.

FIG. 3 1s a block diagram showing an example of the
structure of the finger unit (for control field) of FIG. 1.

FIG. 4 1s a block diagram showing an example of the
structure of the finger umit (for data field) of FIG. 1.

FIG. 5 1s a flow chart showing a processing operation of
the CDMA recerving apparatus according to an embodiment
ol the present invention.

FI1G. 6 1s a tlow chart showing processing operation of the
CDMA receiving apparatus according to an embodiment of
the present mnvention.

FI1G. 7 1s a tlow chart showing processing operation of the
CDMA receiving apparatus according to an embodiment of
the present invention.
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4

FIG. 8 1s a block diagram showing the structure of the
CDMA receiving apparatus according to another embodi-
ment of the present invention.

FIG. 9 1s a block diagram showing the structure of the
CDMA receiving apparatus according to the other embodi-
ment of the present invention.

FIG. 10 1s a flow chart showing an operation of the
receiving processing control unit of FIG. 9.

FIG. 11 1s a flow chart showing an operation of the
receiving processing control unit of FIG. 9.

FIG. 12 1s a block diagram showing the structure of a
conventional CDMA recerving apparatus.

PREFERRED EMBODIMENT OF THE
INVENTION

FIG. 1 1s a block diagram of the CDMA receiving

apparatus of the present invention. Referring to FIG. 1, the
CDMA recerving apparatus of the present mvention coms-
prises a memory (for reception signal) 1, a packet reception

processing block 2, a high-speed data reception processing
block 3, a voice/low-speed data reception processing block

4, a call processing control unit 5, a CDMA transmission

unit 6, a reception processing control unit 7 and a decoding
unit 8.

The packet reception processing block 2 comprises a
searcher unit 21, a finger unit (for control field) 22, a

memory (for path information) 23, a memory (for data field)
24, a finger unit (for data field) 25, and RAKE combining
units 26, 27.

The high-speed data reception-processing block 3 com-
prises a searcher unit 31, a finger unit (for control field) 32,
a memory (for path information) 33, a memory (for data

ficld) 34, a finger unmit (for data field) 35 and RAKE
combining units 36, 37.

The voice/low-speed data reception-processing block 4
comprises a searcher unit 41, a finger unit (for data field) 42,
a finger unit (for data field) 43 and RAKE combining units
44, 45.

The reception processing control unit 7 1s connected to the
call processing control unit 5, and the RAKE combining unit
26 of the packet reception processing block 2, the RAKE
combining unit 36 of the high-speed data reception process-
ing block 3 and the RAKE combining unit 44 of the
voice/low-speed data reception processing block 4 are con-
nected to the CDMA transmission unit 6.

The signal flow of FIG. 1 1s explained. First, because the
packet reception-processing block 2 1s substantially the
same as the high-speed data reception-processing block 3,
only the packet reception-processing block 2 1s explained.

The CDMA signal 1s imputted mnto the memory (for
reception signal) 1 and outputted to the searcher umt 21
immediately. The searcher unit 21 finds out a reception
timing of the CDMA signal having a high correlation value
with respect to a PN code instructed by the reception
processing control unit 7 and outputs a selection signal to the
memory (for reception signal) 1. The searcher 21 outputs
reception delay amount information of the CDMA signal to
the finger unit (for control field) 22 and the memory (for path
information) 23.

The memory (for reception signal) 1 outputs the CDMA
signal instructed with the selection signal to the finger unit
(for control field) 22 and the memory (for data field) 24. The
finger unit (for control field) 22 carries out demodulation
processing such as despreading, fading vector generation,
and detection for the control field of the CDMA signal.
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Further, the finger unit (for control field) 22 outputs com-
puted fading vector information to the memory (for path
information) 23.

The finger unit (for data field) 25 reads out CDMA signals
of an amount which can be treated once from the memory
(for data field) 24 and corresponding path information
(reception delay amount information and fading vector
information) from the memory (for path information) 23 so
as to carry out despreading, detection and the like.

The RAKE combining unit 26 outputs a signal obtained
by combiming detection signals of respective paths iputted
from the finger unit (for control field) 22 to the decoding unit
8. Likewise, the RAKE combining unit 27 outputs a signal
obtained by combining detection signals of respective paths
inputted from the finger unit (for data field) 25 to the
decoding unit 8. The RAKE combining unit 26 outputs a
transmission control signal such as power control, diversity
control and the like to the CDMA transmission unit 6.

Next, the voice/low-speed data reception-processing
block 4 will be described. The CDMA signal 1s mputted to
the memory (for reception signal) 1 and outputted to the
searcher unit 41 immediately. The searcher unit 41 finds out
a reception timing of the CDMA signal having a high
correlation value with respect to a PN code instructed by the
reception processing control unit 7 and outputs a selection
signal to the memory (for reception signal) 1. The searcher
unit 41 outputs the reception delay amount information of
the CDMA signal to the finger unit (for control field) 42 and
the finger umt (for data field) 43.

The memory (for reception signal) 1 outputs the CDMA
signal mstructed with the selection signal toward the finger
unit (for control field) 42 and the finger unit (for data field)
43. The finger umt (for control field) 42 carries out such
processing as despreading, fading vector generation, and
detection for the CDMA signal. Further, the finger unit ({or
control field) 42 outputs computed fading vector information
to the finger unit (for data field) 43.

The finger unit (for data field) 43 carries out such pro-
cessing as despreading and detection for the CDMA signal.
The RAKE combining unit 44 outputs a signal obtained by
combining detection signals of respective paths inputted
from the finger unit (for control field) 42 to the decoding unit
8. The RAKE combiming unit 45 outputs a signal obtained
by combining detection signals of respective paths inputted
from the finger umt (for data field) 42 to the decoding unit
8. The RAKE combining unit 44 outputs a transmission
control signal for power control, diversity control and the
like to the CDMA transmission unit 6. The decoding unit 8
decodes a signal aiter RAKE combining mnputted from the
respective reception-processing block so as to obtain a
desired signal.

FIG. 2 1s a block diagram showing the structure of the
searcher units 21, 31, 41. Referring to FIG. 2, the basic
structure of the searcher unit 1s common 1n the searcher units
21, 31, 41 1n each reception processing block and each of
them 1s comprised of searcher blocks 50-1-50-k. Because
cach of the searcher blocks 50-1-50-k has the same con-
figuration, only the searcher block 50-1 will be described.

The searcher block 50-1 1s comprised of correlators
51-11-51-1n, integration/dump circuits 52-11-52-1n, elec-
tric power computation circuits 53-11-53-1n, a delay profile
generation unit 54-1, a RAKE combining path selection unit
55-1, a PN code replica generator 58-1, a pilot generator
59-1, a pilot PN code delay control unit 56-1 and a multiplier
57-1.

Here, k indicates the number of searcher blocks or the
number of users, which can be searched at the same time. n
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indicates the width of delay for carrying out a search or how
much the CDMA rece1ving apparatus covers a delay of each
path.

A simple signal tlow of FIG. 2 will be described. The PN
code replica generator 58-1 outputs a PN code replica
toward the multiplier 57-1 based on PN code information
instructed by the reception processing control unit 7 and the
pilot generator 59-1 outputs a pilot signal to the multiplier
57-1.

The multiplier 57-1 multiplies these so as to generate a
pilot PN code and outputs it to the pilot PN code delay
control unit 36-1. The pilot PN code delay control unit 56-1
outputs a pilot PN code whose phase is shifted by the unit
of chip to the correlators 51-11-51-1n.

The correlators 51-11-51-1n output correlated values
between these pilot PN codes and CDMA signal inputted
from the memory (for reception signal) 1 to the integration/
dump circuits 52-11-52-1n. The ntegration/dump circuits
52-11-52-1n integrate correlated values 1n the pilot signal
section and outputs to the electric power computation cir-
cuits 53-11-53-1n.

The electric power computation circuits 33-11-53-1n
compute a correlated electric power from each of I and
correlated values and output to the delay profile generation
unit 54-1. The delay profile generation unit 54-1 generates a
delay profile using a correlated electric power value at each
reception timing.

The RAKE combining path selection unit 55-1 outputs a
selection signal to the memory (for reception signal) 1 using
a delay profile generated by the delay profile generation unit
54-1, 11 there 1s a reception timing having a higher correlated
clectric power value than a predetermined value.

FIG. 3 1s a block diagram showing an example of the
structure of the finger units (for control field) 22, 32, 42 of
FIG. 1. In FIG. 3, the basic structure of the finger unit ({or
control field) 1s common 1n the finger units (for control field)
22, 32, 42 1n each of the receiving processing blocks and
cach thereof 1s comprised of finger blocks 60-1-60-m.
Because each of the finger blocks 60-1-60-m has the same
structure, only the finger block 60-1 will be described.

The finger block 60-1 comprises a correlator 61-1, an
integration/dump circuit 62-1, a fading vector generator
63-1, a detector 64-1, a PN code replica generator 66-1, and
a PN code replica delay unmit 65-1. m indicates the number
of finger blocks or the number of symbols which can be
demodulated at the same time. Because the rate of the
control field 1s constant 1n each service, m 1s of the same
value 1n each of the finger units (for control field) 22, 32, 42.

A simple signal flow of FIG. 3 will be described. The PN
code replica generator 66-1 outputs a PN code replica to the
PN code replica delay unit 65-1 based on the PN code
information instructed by the reception processing control
unmt 7. The PN code replica delay unit 65-1 gives a delay
amount based on reception delay amount imnformation input-
ted from the searcher units 21, 31, 41 to the PN code replica
and outputs to the correlator 61-1.

The correlator 61-1 diffuses the mputted CDMA signal
inversely using this PN code replica and outputs a correla-
tion value signal to the integration/dump circuit 62-1. The
integration/dump circuit 62-1 integrates correlation value
signals of each chip mputted from the correlator 61-1 based
on diffusion rate information contained in PN code infor-
mation mputted from the reception processing control unit 7
and outputs correlation value signals of each symbol to the
fading vector generator 63-1.

The fading vector generator 63-1 estimates a transmission
path according to a correlation value signal and generates a
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fading vector indicating the inclination of IQ axis and the
magnitude of a transmitted signal (path accuracy: as the path
accuracy 1s increased, that path can be determined to be a
path having a higher reliability). The detector 64-1 detects
the phase of a signal using the correlation value signal and

fading vector and outputs a detection signal to the RAKE
combining units 26, 36, 44.

FIG. 4 1s a block diagram showing an example of the
structure of the finger umts (for data field) 25, 35, 43. In FIG.
4, the basic structure of the finger unit (for data field) 1s
common 1n each of the finger unmits (for data field) 25, 35, 43
in each reception processing block and each finger unit i1s
comprised of finger blocks 70-1-70-h. Because each of the
finger blocks 70-1-70-h has the same structure, only the
finger block 70-1 will be described.

The finger block 70-1 1s comprised of a correlator 71-1,
an 1mtegration/dump circuit 72-1, a detector 73-1, a PN code
replica generator 75-1 and a PN code replica delay unit 74-1.
Here, h indicates the number of finger blocks or the number
of symbols which can be treated at the same time. Because
the rate of the data field differs depending on the service
type, often the value h 1n each reception-processing block 1s
different (the value h of the voice/low-speed data reception
processing block 4 1s minimized).

A simple signal flow of FIG. 4 will be described. The PN
code replica generator 75-1 outputs a PN code replica to the
PN code replica delay unit 74-1 based on PN code infor-
mation instructed by the reception processing control unit 7.
The PN code replica delay unit 74-1 provides a PN code
replica with path mformation mputted from the memories
(for path information) 23, 33 or a delay amount based on the
reception delay amount information inputted from the
searcher unit 41 and outputs to the correlator 71-1.

The correlator 71-1 diffuses mputted CDMA signal
inversely using this PN code replica and outputs a correla-
tion value signal to the integration/dump circuit 72-1. The
integration/dump circuit 72-1 integrates correlation value
signals of each chip inputted from the correlator 71-1 based
on diffusion rate information contained in the PN code
information inputted from the reception processing control

unit 7 and outputs correlation value signals of each symbol
to the detector 73-1.

The detector 73-1 detects the phase of a signal using a
correlation value signal, path information mputted from the
memories (for path information) 23, 33 and fading vector
inputted from the finger umit (for control field) 41 and
outputs a detection signal to the RAKE combining units 27,

37, 45.

FIGS. 5-7 are flow charts showing a processing operation
of the CDMA receiving apparatus according to an embodi-
ment of the present invention. An operation of the CDMA
receiving apparatus according to an embodiment of the
present mvention when a CDMA signal 1s inputted therein

will be described with reference to FIGS. 1-7.

If the CDMA signal 1s mputted to the memory (for
reception signal) 1, that CDMA signal 1s outputted to the
searcher units 21, 31, 41 immediately (51 in FIG. 5). The
searcher units 21, 31, 41 generate a delay profile and 11 there
1s a reception timing having a higher correlated power value
than a predetermined value, outputs a selection signal to the
memory (for reception signal) 1 (step S2 of FIG. §).

First, a case where the selection signal 1s outputted from
the voice/low-speed data reception-processing block 4 wall
be described. The memory (for reception signal) 1 outputs
the CDMA signal 1nstructed with the selection signal to the
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finger unit (for control field) 42 and the finger unit (for data
ficld) 43 of the voice/low-speed data reception-processing

block 4.

The searcher umt 41 outputs reception delay amount
information to the finger unit ({for control field) 42 (step S3
of FIG. 5). The finger unit (for control field) 42 demodulates
the control field (step S4 of FIG. 5) and the finger unit (for
data field) 18 demodulates data field using its result (step S5
of FIG. 5).

Next, a case where a selection signal 1s outputted from the
packet reception-processing block 2 will be described. The
memory (for reception signal) 1 outputs the CDMA signal
instructed with the selection signal to the finger unit (for
control field) 22 and the memory (for data field) 24 of the

packet reception-processing block 2.

The searcher umt 21 outputs reception delay amount
information to the finger unmit (for control field) 22 and the
memory (for path information) 23 (step S8 of FIG. 6). The
finger umt (for control field) 22 demodulates the control
field (steps S9, S10 of FIG. 6) and outputs a fading vector

computed with the control field to the memory (for path
information) 23 (step S11 of FIG. 6).

The finger unit (for data field) 25 determines whether or

not new demodulation processing 1s enabled depending on
use condition of 1ts finger block (step S12 of FIG. 6). If there
1s no empty space 1n the finger block, the data field stored 1n
the memory (for data field) 24 1s not demodulated, so that

waiting condition arises (step S13 of FIG. 6).

If there 1s an empty space in the finger block, the finger
umt (for data field) 25 reads out path immformation of an
appropriate CDMA signal from the memory (for path infor-
mation) 23 and then CDMA signals of an amount to be
treated once from the memory (for data field) 24 (step S14
of FIG. 6). The finger unit (for data field) 25 demodulates the
data field using read-out path information (step S15 of FIG.
6).

If an empty space arises aiter the demodulation process-
ing 1s terminated, the finger unit (for data field) 25 detects
whether or not there 1s a CDMA signal, which should be
processed in the memory (for data field) 24 (step S16 of FIG.
6).

If the CDMA signal 1s stored in the memory (for data
ficld) 24, the finger unit (for data field) 25 reads out path
information of an appropriate CDMA signal from the
memory (for path mformation) 23 and then reads out the

CDMA signals of an amount to be processed once from the
memory (for data field) 24 (step S14 of FIG. 6).

If there 1s not any CDMA signal not demodulated in the
memory (for data field) 24, the finger unit (for data field) 235
1s returned to a waiting state for recerving of the CDMA
signal.

Subsequently, a case where the selection signal 1s output-
ted from the high-speed data reception-processing block 3
will be described. An operation of this case 1s the same as the
operation of the packet reception-processing block 2.

The memory (for reception signal) 1 outputs a CDMA
signal instructed with a selection signal to the finger unit (for
control field) 32 and the memory (for data field) 34 of the

high-speed data reception-processing block 3.

The searcher umt 31 outputs reception delay amount
information to the finger umt (for control field) 32 and the
memory (for path information) 33 (step S17 of FIG. 7). The
finger unit (for control field) 32 demodulates the control
field (steps S18, S19 of FIG. 7) and outputs a fading vector
computed with the control field to the memory (for path
information) 33 (step S20 of FIG. 7).
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The finger unit (for data field) 35 determines whether or
not new demodulation processing 1s enabled depending on
use condition of the finger block (step S21 of FIG. 7). IT
there 1s no empty space 1n the finger block, the demodulation
of data field stored i1n the memory (for data field) 34 1s not
carried out so that waiting condition arises (step S22 of FIG.
7).

If there 1s any empty space 1n the finger block, the finger
unit (for data field) 35 reads out path information of an
appropriate CDMA signal from the memory (for path infor-
mation) 33 and reads out CDMA signals of an amount to be
processed once from the memory (for data field) 34 (step
S23 of FIG. 7). The finger unit (for data field) 35 demodu-
lates the data field using the read-out path information (step
S24 of FIG. 7).

If an empty space arises after the demodulation process-
ing 1s terminated, the finger unit (for data field) 35 detects
whether or not there 1s any CDMA signal, which should be
processed in the memory (for data field) 34 (step S25 of FIG.
7).

If the CDMA signal 1s stored in the memory (for data
ficld) 34, the finger unit (for data field) 35 reads out path
mformatlon of an appropriate CDMA signal from the
memory (for path information) 33 and reads out CDMA
signals of an amount to be treated once from the memory
(for data field) 34 (Step S23 of FIG. 7).

If there 1s not any CDMA signal not demodulated 1n the
memory (for data field) 34, the finger unit (for data field) 35
1s returned to the CDMA signal reception waiting condition.

Although search 1s carried out with a PN code instructed
by the reception processing control unit 7 (step S3 of FIG.
5, step S8 of FIG. 6, step S17 of FIG. 7), 1f any peak of a
correlated power value cannot be obtained 1n any reception
processing block (step S6 of FIG. 5), the CDMA signal 1s
aborted (step S7 of FIG. 3).

With the above-described structure, 1t 1s possible to con-
struct the CDMA receiving apparatus capable of coping with
service type of data flexibly and efliciently. That 1s, such
inefliciency that telephone and high-speed data communi-
cation are treated 1n the same network can be eliminated to
a maximum extent.

In FIG. 1, the CDMA signal 1s divided to the packet
reception processing block 2, the high-speed data reception
processing block 3 and the voice/low-speed data reception
processing block 4 depending on the service type thereot, so
that a processing suitable for the service type can be con-
ducted 1n each block.

That 1s, because the quantity of the high-speed data 1s
enormous, a plurality of the finger blocks 70-1-70-h 1n the
finger unit (for data field) 35 are prepared as compared to
voice data and the scale of a circuit of the RAKE combining,
unit 37 1s large.

Although, i1 the amount of provided data 1s as large as
cannot be processed once by the finger unit (for data field)
35, 1t 1s stored in the memory (for data field) 34, 1ts memory
capacity 1s maximized.

The packet data 1s allowed to be delayed to some extent
as compared to voice data and 1its arrival 1s intermittent.
Thus, by preparing a memory (for data field) 24, the circuit
s1ze of the finger blocks 70-1-70-h and the RAKE combin-
ing unit 27 in the finger umt (for data field) 25 can be
reduced.

As for voice data, by separating the packet reception
processing block 2, the high-speed data reception processing,
block 3 and the voice/low-speed data reception processing,
block 4, resource of the CDMA receiving apparatus in
demodulation processing of high-speed data and packet 1s
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extinguished, preventing high-speed data user and packet
data user from blocking voice data user which 1s requested
to have real time property. Further, by carrying out demodu-
lation processing immediately without placing any memory,
the delay of the demodulation processing for voice data can
be suppressed to a minimum extent.

On the other hand, with the atforementioned structure, the
CDMA system capable of coping with system condition
flexibly and etliciently can be established. For example, 1n a
region including many voice data users, the rate of voice
data in the CDMA receiving apparatus and low-speed data
reception processing block 4 1s increased and 1n a region
including many data communication users, the rate of the
high-speed data reception processing block 3 and the packet
reception processing block 2 is increased, so as to configure
an optimum structure for system condition.

That 1s, by configuring the structures of the packet card,
high-speed card and voice data/low-speed data card, the
ratio of the number of cards mounted on the CDMA receiv-
ing apparatus 1s changed to achieve tlexible coping.

Further, with the aforementioned structure, a load on
upward reception processing at a base station based on the
CDMA communication system can be reduced. Although
downward transmission processing at the base station based
on the CDMA communication system can be controlled
according to QoS (Quality of Services) control by accumu-
lating data, the upward QoS control to all terminals 1s very
difficult. Thus, the present invention can be a solution for
reducing the load of reception processing in the base station
based on the CDMA communication system.

Next, by notitying the reception processing control unit 7
from a higher level unit with service type as well as PN code
information of each user, the CDMA receiving apparatus
recognizes the service type and allocates the CDMA signals
to respective optimum reception blocks so as to carry out
demodulation processing. Thus, optimum control on the
upward reception processing at the base station based on the
CDMA communication system can be carried out from the
higher level unat.

Conventionally, the finger block and RAKE combining
unmt capable of processing at the maximum rate and the
maximum number of users at the same time requested from
the system condition are structured. Because by storing data
in the memories (for data field) 24, 34, the quantity of data
which can be processed at the same time can be reduced, the
circuit size of the finger units 22, 25, 32, 35 and the RAKE
combining units 26, 27, 36, 37 in the packet reception
processing block 2 or the high-speed data reception process-
ing block 3 can be reduced.

Further, because the demodulation processing of the con-
trol field 1s carried out immediately although data fields of
the packet data and high-speed data 1s delayed, the present
invention can cope with such processing about power con-
trol, diversity control and the like without any problem.

FIG. 8 1s a block diagram showing the structure of the
CDMA receiving apparatus according to other embodiment
of the present invention. In FIG. 8, the CDMA receiving
apparatus according to other embodiment of the present
invention has the same structure as the CDMA receiving
apparatus of the embodiment of the present invention shown
in FIG. 1, except that the memories 11-13 are added
between the RAKE combining umts 26, 27 of the packet
reception processing block 2 and the decoding unit 8,
between the RAKE combining units 36 and 37 in the
high-speed data reception processing block 3 and the decod-
ing unit 8, and between the RAKE combining units 44 and
435 1n the voice/low-speed data reception processing block 4
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and the decoding unit 8. Same reference numerals are
attached to the same component and operations of the same
components are the same as the alorementioned embodi-
ment of the present invention.

The RAKE combining units 26, 36, 44 for carrying out the
RAKE combiming of the control field store data necessary
for decoding such as format information of data field 1n the
memories 11-13. The RAKE combining units 27, 37, 45 for
carrying out the RAKE combining of the data field store data
in the memories 11-13. The decoding unit 8 reads out data
having a high priority successively from the memories
11-13 according to the priority notified from the reception
processing control umt 7 so as to carry out the decoding
processing.

According to this embodiment, by adding the memories
11-13, the processing load of the decoding unit 8 when
particularly packet data users or high-speed data users
increase 1s reduced and real time property of voice data 1s
assured.

FIG. 9 1s a block diagram showing the structure of the
CDMA receiving apparatus according to still other embodi-
ment of the present invention. In FIG. 9, the CDMA receiv-
ing apparatus of the still other embodiment of the present
invention has the same structure as the CDMA receiving
apparatus of the aforementioned embodiment of the present
invention shown i FIG. 1 except that empty region infor-

mation 1s outputted from the finger units (for control field)
22, 32, 42 and the finger units (for data field) 25, 35, 43 to

the reception processing control unit 7. Like reference
numeral are attached to the same components. Operations of
the same components are the same as the embodiment of the
present mvention.

If the reception processing control unit 7 has to add new
voice data user or low-speed data user based on the empty
region information from the finger units (for control field)
22, 32, 42 and the finger units (for data field) 25, 35, 43
because there 1s no empty space in the resource of the
voice/low-speed data reception processing block 4, voice
data or low-speed data 1s allocated to an empty resource 1n
the packet reception processing block 2 or the high-speed
data reception processing block 3.

FIGS. 10 and 11 are flow charts showing an operation of
the reception processing control umt 7 shown 1 FIG. 9. An
operation of the reception processing control unit 7 will be
described with reference to FIGS. 9-11. Flow charts of
FIGS. 10, 11 show a flow of a case where voice data user 1s
added. In case where low-speed data 1s added, the same

operation arises as the case where the voice data user 1s
added.

If the reception processing control unit 7 receives a voice
data user addition instruction from the call processing con-
trol unit 5 together with 1ts user information (step S31 of
FIG. 10), the empty region information of the finger units
(for control field) 22, 32, 42 and the finger units (for data
field) 25, 35, 43 of each reception processing block are
obtained (step S32 of FIG. 10).

First, the reception processing control unit 7 determines
whether the finger units (for control field) 42 and the finger
unit (for data field) 43 of the voice/low-speed data reception-
processing block 4 can carry out reception processing (step

S33 of FIG. 10).

The reception processing control unit 7 outputs PN code
information to the voice/low-speed data reception process-
ing block 4 11 there 1s an empty space in the voice/low-speed
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data reception processing block 4 (step S34 of FIG. 10). If
there 1s no empty space 1n the voice/low-speed data recep-
tion processing block 4, the reception processing control
unmt 7 determines whether or not the finger units (for control
field) 22 and the finger unit (for data field) 25 of the packet
reception processing block 2 can carry out reception pro-
cessing (step S35 of FIG. 10).

If there 1s an empty space in the packet reception pro-
cessing block 2, the reception processing control unit 7
outputs PN code information to the packet reception pro-
cessing block 2 (step S36 of FIG. 10). If there 1s no empty
space 1n the packet reception processing block 2, the recep-
tion processing control unit 7 determines whether or not the
finger units (for control field) 32 and the finger unit (for data
field) 35 of the high-speed data reception processing block
3 can carry out reception processing (step S37 of FIG. 11).

If there 1s an empty space in the high-speed data reception
processing block 3, the reception processing control unit 7
outputs PN code information to the high-speed data recep-
tion processing block 3 (step S38 of FIG. 11). I1 there 1s not
empty space in the high-speed data reception-processing
block 3, the reception processing control unit 7 outputs a
user addition error to the call processing control unit 5 (step
S39 of FIG. 11).

According to the other embodiment of the present inven-
tion shown 1n FIG. 9, 1t 1s possible to avoid a case where the
reception processing cannot be carried out even 1f there 1s an
empty space 1n the resource of the packet reception process-
ing block 2 and the high-speed data reception processing
block 3 when voice data user and low-speed data user
increase. In the finger unit (for data field), the voice data and
low-speed data have smaller number of finger blocks
required for demodulation processing as compared to the
packet data and high-speed data and an influence 1s slight
even 1f the finger umts (for data field) 25, 35 of the packet
reception processing block 2 and the high-speed data recep-
tion processing block 3 are employed. A merit that the
resource of the CDMA receiving apparatus can be used
ciliciently 1s high.

Next, empty region mmformation to be obtained by the
reception processing control unit 7 will be described. The
finger units (for control field) 22, 32 have a smaller number
of finger blocks necessary for a certain number of users than
the finger units (for data field) 25, 35 and thus, usually the
finger units (for control field) 22, 32 have a smaller number
of the finger blocks.

If voice data users or low-speed data users are allocated
in the packet reception processing block 2 and the high-
speed data reception processing block 3, the finger block
number thereof becomes short earlier than the finger units
(for data field) 235, 35, so that the empty region information
of the finger units (for control field) 22, 32 1s indispensable.
As for the finger units (for data field) 25, 35, it a large
amount of the CDMA signals are stored in the memories (for
data field) 24, 34, the empty region information 1s absolutely
necessary because even if the resource of the finger units (for
control field) 22, 32 is empty, there may be sometimes no
resource 1n the finger units (for data field) 25, 35.

What 1s claimed 1s:

1. A code division multiple access (CDMA) receiving
apparatus for recerving data of a plurality of service types,
which comprises

a plurality of reception processing blocks for carrying out

reception processing for said data;

a decoder for decoding a received signal outputted from

said plurality of said reception processing blocks via a
memory of a plurality of memories; and
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the plurality of memories, wherein each memory 1s con-
nected between said decoder and a first RAKE com-
biner and a second RAKE combiner in each of the
plurality of reception processing blocks;

wherein said data are allocated to said reception process-
ing blocks, depending upon said service types;

wherein said service types of data include packet data,
high-speed data, voice data, and low-speed data; and

wherein said decoder reads out received signals having a
high priority based on the service type of the recerved
signals successively from said memories so as to carry
out decoding processing.

2. A code division multiple access (CDMA) receiving

method for receiving data of a plurality of service types,
which comprises the steps of:

storing received CDMA data signal;

10
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14

allocating said received CDMA signal to one of a plurality
of reception processing blocks, depending on the ser-
vice type;

storing a received signal 1n one of a plurality of memories,
wherein each of the plurality of memories 1s connected
between a decoder and a first RAKE combiner and a
second RAKE combiner 1n each reception processing,
block,

reading out received signals having a high priority based
on the service type of the received signals successively
from said memories; and

decoding said received signals read out from said memo-
ries;

wherein said service types of data include at least packet
data, high-speed data, voice data, and low-speed data.
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